Chronodisruption increases cardiovascular risk in zebrafish via reduced clearance of senescent erythrocytes.
The circadian clock and the hypoxic signaling pathway play critical roles in physiological homeostasis as well as in pathogenesis. The bi-directionality of the interaction between both pathways has been shown on physiological and only recently also on molecular level. But the consequences of a disturbed circadian rhythm for the hypoxic response and the cardiovascular system have never been addressed in any organism. Here we show that the hypoxic response of animals subjected to chronodisruption is reduced by approximately 30%, as reflected by decreased expression levels of hypoxia inducible factor 1 and its down-stream target genes erythropoietin, responsible for the generation of red blood cells (RBC) and vascular endothelial growth factor, which is essential for proper vascularization. Beside malformations of their vascular beds, chronodisrupted animals surprisingly revealed elevated numbers of senescent erythrocytes under normoxic conditions, due to a reduced clearance rate via apoptosis. Over-aged erythrocytes in turn are characterized by decreased oxygen transport capacities and an increased tendency for aggregation, explaining the higher mortality of chronodisrupted animals observed in our study. The present study shows for the first time that chronodisruption strongly interferes with the hypoxic signalling cascade, increasing the cardiovascular risk in zebrafish due to elevated proportions of senescent erythrocytes. The results might shed new light on the etiology of the increased cardiovascular risk observed among shiftworkers.